" AD=-A115 945  COLUMBIA UNIV NE' YORK DEPT OF CHEMISTRY
INDUCTION OF OLEFIN METATHESIS BY PHENYLACETYLENE PLUS TUNOSTEN.-Efc(U)
JUN 82 T J KATZe C HAN NO 015-19-‘:-06
UNCLASSIFIED TR-4




.—n_ﬁ

i

o

L f22

e
22 it e



DT FILE COPY

AD A115945

SECURITY CLASSIFICATION OF THIS PAGE (When Deta Katered)

REPORT DOCUMENTATION PAGE

READ INSTRUCTIONS
BEFORE COMPLETING FORM

T, REPORT NUMBER 2. GOVY ACCESSION NO.|
Technical Report No. 4 [}

.
g

3. RECIPIENT'S CATALOG NUMBER

—

/o

4. TITLE (and Subtitie)

Induction of Olefin Metathesis by Phenylacetylene
Plus Tungsten Hexachloride

$. TYPE OF REPORT & PEMOD COVERED

Technical Report, 8/1/79-

6/21/82

§. PERFORMING ORG. REPQART NUMBER

(7. AUTHOR(s)

Thomas J. Katz, Chien-Chung Han

8. CONTRACT OR GRANT NUMBER(s)

NOOO14-79~C-0683

st toma et —————————————— —
9. PERFORMING ORGANIZATION NAME AND ADDRESS

Thomas J. Katz

Department of Chemistry, Columbia University
New York, New York 10027

10. PROGRAM ELEMENT, PROJECT, TASK
AREA & WORK UNIT NUMBERS

NR 356-726

19. CONTROLLING OF FICE NAME AND ADDRESS
Office of Naval Research - Chemistry

[ s, ;gulenorpaces

12. REPOAT DATE
June 21, 1982

1A MONITORING AGENCY NAME & ADORESS(it dilterent trom Controlling Oftice)

1S. SECURITY CL ASS. (of this report)

Unclassified

18a. DEGL ASSIFICATION/ DOWNGRADING
EDULE

SCH

et e ——
18. OISTRIBUTION STATEMENT (of this Report)

This document has been approved for public release.

Distribution unlimited,

7. DISTRIBUTION STATEMENT (of the shetract entered in Block 20, ! differsnt trom

Report)

18, SUPPLEMENTARY NOTES
To be published in Organometallics

19. KEY WORDS (Continue on reverse side if y and | 1y by block mumber) MY R S -,‘ .
Polymers Metathesis Alkenes ) JUN 231982
Polymerization Metal-carbenes Alkynes '

Catalysis Polyacetylenes -
Initiation Polyalkenamers EE

~ J 20. ABSTRACT (Cantinue on reverse side 1f necessary and identify by bleck rmumber)

pentene, cvclopentene, cycloheptene, and cvclooctene.
ever, it is ineffective,
selectivities for cis-olefins are moderate.

The reactions are run in the atmosphere.

) Phenylacetylene induces tungsten hexachloride to initiate metatheses of cis-2-

In too large amounts, how-
The stereo-

T A

FoRM
1Jan 73

1473 toition oF 1 NOV 65 1S OBSOLETE




gt et

OFFICE OF NAVAL RESEARCH
Contract NO0014-79-C-0683
Task No. NR 356-726

TECHNICAL REPORT NO. 4

-~ an T
Accecoion for

| NTIS  GRARI x
DTIC TAB (W]
Unanngunced M

Justification

Ry

pistritution/
a pAuveitabiiity Codes
T -.ii cudfor
iDist Zohoeial

Induction of Olefin Metathesis by Phenylacetylene

Plus Tungsten Hexachloride
by
Thomas J. Katz, Chien-Chung Han
Prepared for Publication
in

Organometallics

Columbia University
Department of Chemistry
New York, New York

June 21, 1982

Reproduction in whole or in part is permitted for
any purpose of the United States Government

This document has been approved for public release
and sale; its distribution 1s unlimited

o a.."
ey .‘}m 2



The discovery by Masuda et al. that tungsten hexachloride initiates

polymerization of phenylate:ylenel auggests the following proposition:
that phenylacetylene may erfectively replace the highly reactive organo~
aluminum component in the mixture with tungsten hexachloride that is
the archetypicalz_and still standard initiator for olefin metathesis.3
For 1if the metal-catalyzed polymerization of acetylenes is an olefin
meta:hesis,6—6 a metallic compound that induces an acetylene to
polymerize should itself be induced by the acetylene to metathesize
olefins. The idea was demonstrated recently with phenylacetylene
plus (phenylme:hoxycarbene)pentacarbonyltungsten.6 It is shown here
also for phenylacetylene plus tungsten hexachloride, a combination that
is more available, acts faster, induces fair stereoselectivy, and can be
used unprotected in the atmosphere.7

Fig 1 Figure 1 shows phenylacetylene's effect on the metathesis of /

cis-Z-pentenela according to eq 1}5 As phenylacetylene is added, the

CH3CH'CHC2H5 + WC|6 + C6H5C!CH

- e e

200 PR X - 1)
C6H5Cl j
0°C (CH;CH’"Z + ‘CZHSCH',i ];
70 min ‘

amount of reaction, negligible in its absence, rises dramatically
and then falls. Complete reaction is easily achieved, but only when
the amount of acetylene is appropriate.

Table I similarly shows phenylacetylene's ability to stimulate

Table I
tungsten hexachloride to polymerize three cyclic olefins (eq 2), reactions

B T

that (as seen in the table) occur inappreciably, if at all, when
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Eigure l. The extent of reaction according to eq 1 as a function of x.
precent metathesis is recorded as 200r/(1 + 2r), where r is the ratio in
moles of either 2-butene to 2-pentene or 3-hexene to 2-pentene. The

bars span the two values associated with r measured in the two ways.
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Table II

@ v WOl ¢ CHCmOH ——— !( )’ (2)
: : X n

200 |

phenylacetylene is absent. That the polymers formed are indeed
polyalkenamers, not saturated vinyl polymers, is attested to by their
1H NMR spectra displaying only the required resonances and

intensities. The latter measure contamination by saturated hydrocarbon
amounting to no more than 4-9% (=42).

Table II shows that for cyclopentene, as for 2~pentene, while small
amounts of phenylacetylene induce metathesis, larger amounts quench
reaction. The decreased molecular weights (also recorded there) when the
amount of acetylene is large imply that growing chains rather than
initiating centers are being extinguished. This termination may involve
eq 3, the transformation of a simpler metal-carbene into one more highlv
substituted and with conjugating groups.6b One might speculate that

the initiation involves eq 4, possibly accompanied by

efc M etc

wel wel,
it i
—CmC+ WC) > —C=CCl- —— ~C~CCl,~

(4)
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reaction with additional acetylene reducing the tungsten's oxidation

state, 18

A hypothesis associating diminished stereoselectivity with the

presence of Lewis acidsae’lg

suggests that stereoselectivity should
increase when an aluminum halide is replaced by phenylacetylene and
decrease when (phenylmethoxycarbene)pentacarbonyltungsten is replaced
by tungsten hexachloride. The stereoselectivities recorded in Table II

and the stereochemistries of the 2-butenes (initially 69.6% cis) and

3-hexenes (initially ca. 54% cis) in Figure 1 accord with this hypothesis.zo
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